1 In this paper, we introduce a new way to estimate the scaling parameter of a selfsimilar process by considering the maximum probability density function (pdf) of tis increments. We prove this for H-self-similar processes in general and experimentally investigate it for turbulent velocity and temperature increments. We consider turbulent velocity database from an experimental homogeneous and nearly isotropic turbulent channel flow, and temperature data set obtained near the sidewall of a Rayleigh-Bénard convection cell, where the turbulent flow is driven by buoyancy. For the former database, it is found that the maximum value of increment pdf p max (τ ) is in a good agreement with lognormal distribution. We also obtain a scaling exponent α ≃ 0.37, which is consistent with the scaling exponent for the first-order structure function reported in other studies. For the latter one, we obtain a scaling exponent α θ ≃ 0.33. This index value is consistent with the Kolmogorov-Obukhov-Corrsin scaling for passive scalar turbulence, but different from the scaling exponent of the first-order structure function that is found to be ζ θ (1) ≃ 0.19, which is in favor of Bolgiano-Obukhov scaling. A possible explanation for these results is also given.
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A. Fractional Brownian motion

53
FBm is a continuous-time random process proposed by Kolmogorov 14 in the 1940s and fractional integration of a white Gaussian process and is therefore a generalization of Brow-56 nian motion, which consists simply in a standard integration of a white Gaussian process.
57
Because it presents deep connections with the concepts of self-similarity, fractal, long-range obtain the pdf scaling analytically.
62
An autocorrelation function of fBm's increments Y τ (t) = x(t + τ ) − x(t) is known to be 63 the following
where ℓ ≥ 0 is the time delay, τ is the separation scale, and H is Hurst number. 23 Thus the
Y τ is also known to have a Gaussian distribution, 16,23 which reads as
We thus have a power law relation when
where α(H) = H.
69
In order to numerically check this, we perform a wavelet based algorithm to simulate the 70 fBm process. 25 We synthesize a segment of length 10 6 data points for each value of Hurst
71
number H from 0.1 to 0.9 by using db2 wavelet. The pdfs are estimated as follows. We first 72 normalize x by its own standard deviation σ. The empirical pdf is then estimated by using 73 box-counting method on several discrete bins with width dh
in which N i is the number of events in the ith bin, N is the total length of the data. We 75 find that the empirical pdf p(Y τ ), the maxima pdf p max (τ ) = max Yτ {p(Y τ |τ )}, and the 76 corresponding scaling exponents α(H) are almost independent of the range of bin width dh.
77
Another way to estimate the pdf is a kernel smoothing method. 26 In this study, a Gaussian 78 kernel is chosen. Figure 1 (a) shows the estimated p max (τ )τ H for various Hurst numbers H.
79
For both methods, a clear plateau is observed, indicating power law behavior as expected 80 for all Hurst numbers. We estimate the scaling exponents on the range 10 < τ < 1000
81
data points by a least square fitting algorithm. The corresponding scaling exponents α(H)
82
are shown in Fig. 1 number. The corresponding result is shown in Fig. 1 exponents α(L) are estimated on the range 10 < τ < 1000 data points. 
are observed with scaling exponents ξ ≃ 0.91 and γ ≃ 0. We can also derive the pdf scaling more generally for H-self-similar processes as following.
105
We define a H-self-similar process as 
In fact equality in distribution means equality for distribution function. Let us write distri-bution function
in which p(x) is the pdf of x. We note the pdf
We thus take here
We have
Hence Eq. (9) writes for distribution functions
Taking the derivative of Eq. (14), we have for the pdfs
Then writing
and taking the maximum of Eq. (15), we have
Finally, this leads to
This is the pdf scaling for the H-self-similar process. Since Eq. (8) is not true for multi-122 scaling processes, Eq. (18) may be only an approximation for multifractal processes.
123
We have shown above analytically the pdf scaling relation for fBm processes and more
124
generally for H-self-similar processes. For the former one, the pdf scaling Eq. (1) series, e.g. turbulent velocity and temperature from other turbulent systems, etc., and we
127
will check this experimentally in the next section.
128
The pdf scaling we proposed above is related to the first-order structure function α = H for H-self-similar processes, see Eqs. (5) and (18). Hence for the multifractal case, we 130 may postulate that α = ζ(1), the-first order structure function with a slight intermittent 131 correction, see next section for turbulent velocity as an example.
132
III. EXPERIMENTAL RESULTS
133
In this section, we will apply the above pdf scaling analysis to turbulent velocity obtained 
A power law behavior is observed over the range 0.001 < τ < 0.01 s, corresponding to the 171 frequency range 100 < f < 1000 Hz. This inertial range can be also confirmed by the plateau 172 of the local slope. The scaling exponent is found to be α ≃ 0.37, which is obtained by a 
234
Note that the Taylor's frozen-flow hypothesis,
is always used to relate the time domain results, such as those shown in Fig. 7 , to the 236 theoretical predictions made for the space domain. However, the conditions for the Taylor's 237 hypothesis are often not met in turbulent RBC system and hence its applicability to the 238 system is at best doubtful. 
where U is a characteristic convection velocity proportional to the mean velocity and V is 245 a characteristic velocity associated with the r.m.s. velocity and the shear-induced velocity.
246
As pointed by Zhou et al. 54 , r is proportional to τ for both the Taylor's relation Eq. Fourier power spectrum E(f ) is larger than those predicted by the p max (τ ) and by the first- exactly holds for a stationary process, which may be not satisfied by the turbulent velocity.
261
As pointed by Huang et al. 32 , the second-order SF is also strongly influenced by the 
It characterizes the relative contribution to the first-order SF. The location of p max is found 268 graphically to be Y τ ≃ 0, indicating that at this location there is almost no contribution to revealing a more accurate scaling exponent for ζ(1).
273
In the sidewall region of RBC system, the flow is dominated by plumes. 
286
This result is compatible with the Grossmann-Lohse (GL) theory, 55-57 in which the global 287 thermal dissipation ǫ θ is decomposed into the thermal dissipation due to the bulk ǫ θ,bulk 288 together with the boundary layer ǫ θ,BL
Later, the GL theory has been modified so that the thermal dissipation ǫ θ can be decomposed
290
into the thermal dissipation due to the thermal plumes ǫ θ,pl together with the turbulent 291 background ǫ θ,bg
in which the contribution from the thermal plumes might be related to the boundary layer. words, the KOC and BO59 scalings might coexist at least for the temperature fluctuations.
299
We will show this result elsewhere.
300
The method we proposed here may be refined by considering some pdf models as basis, by large-scale structures (result not shown here).
311
In summary, we investigated the pdf scaling of velocity increments Y τ (t). We postulated 312 a scaling relation of the maxima value of the pdfs, e.g. p max (τ ) ∼ τ −α . We obtained pdf scaling exponent α is comparable with the scaling exponent ζ(1) of the first-order SFs.
316
To our knowledge, at least for H-self-similar processes, this is the first method to look at 317 scaling properties on the probability space rather than on the statistical moments space as 318 done classically. We postulated that the pdf scaling holds for multifractal processes as well.
319
For multifractal processes, due to the failure of Eq. (8), the scaling relation may be only an 320 approximation.
321
When applying this approach to turbulent velocity, it is found that, statistically speaking, 
